INTRODUCTION
The study of plant succession has contributed more than any other single line of investigation to a deeper insight into the nature of vegetation. Earlier studies of succession, especially in grassland, were largely those of the primary sere. But with the utilization of the prairies for grazing, and the abandonment of submarginal land after a short period of cropping, numerous investigations of secondary successions were nll de. The earlier studies have been discussed by Clements (1916) throughout. Scribner's panic grass (Panicum scribnerianum) and Wilcox's panic grass (P. wilcoxianutm) are low-growing, interstitial species of very common occurrence. Carex pennsylvanica is the chief sedge. In addition to the grasses and sedges there are numerous composites, legumes, and other forbs. The grasses normally reach a general level of 12 to 18 inches in July when vegetative growth is nearly complete. The basal cover is about 13 percent and the foliage cover varies between 75 and 100 percent during a season of approximately normal precipitation. The soil is almost entirely concealed by debris, usually only a few millimeters thick. This prairie had not been grazed for at least 40 years, and probably only moderately since the disappearance of the bison. It is used for the production of hay and is mowed annually in late summer or fall, except in years of extreme drought. But the great drought of 1934-36 had a very destructive effect on grassland. In the prairie this resulted in marked changes in the normal composition of the vegetation (Weaver and Albertson, 1936) . Chief among these was the high mortality of little bluestem, many bunches being entirely killed and others represented by a mere fringe of dwarfed stems. June grass, needle grass, and bluegrass also suffered greatly. Losses were severe among grasses of the understory, notably Panicuin scribnerianum and P. wilcoxianum, as they were also among forbs (such as Antennaria campestris and Viola pedatifida) of similar dependence upon the mid grasses for protection from too great insolation and too low humidity. Big bluestem and deeply rooted forbs were not greatly affected.
The excellent conditions for growth in spring and early summer following the drought of 1934 resulted in vigorous development of the survivors, rapid reseeding, and invasion of the bared areas by rhizomes. Hence much of the area formerly occupied by little bluestem was taken over by June grass and needle grass. Prairie dropseed became much more abundant, as did also side-oats grama. Even bluegrass spread rapidly from the scattered, well shaded areas where it had not succumbed to drought.
EXPERIMENTAL PASTURE
The experimental pasture adjoining the prairie had apparently never been greatly overgrazed. In 1932-33 it was studied and described as belonging to the No. 3 type, which is characterized by about half dominance of bluestems and other prairie grasses and half of bluegrass (Weaver and Hansen, 1941) . The cover was practically intact, annual weedy species were few, and only a modicum of the usual perennial pasture weeds occurred. Two pasture areas adjoining the prairie were exclosed to stock, a smaller one of 24 square rods on a west hillside near the south end of the pasture and a larger one, 4.5 rods wide and 31 rods long, extending from the top of a low hill northward to and including its level base. The slope in the main area varied from 1 to 5 percent (-ig. 1.). The south exclosure was typical of the in0re hilly portion of the pasture. It included a west-fhiing, gentle slope and also a portion of a nwrtheast one. These were separated by a small r:avine. The chief changes in pasture resulting from the (irought were the almost complete disappearance of bluegrass and great injury to little bluestem. Sand d rolpseel (Sporobolus cryptatidrus ') increased greatly (Veaver andl hansen, 1939). There was a great increase in side-oats grama, and an increase in annual weeds.
The chief characteristic of the vegetation in the south exelosure in the spring of 1937 was the scarcity of nearly all prairie grasses; they were found only 11po1n c lose observation. The bluestems, for example, sometimes occurred at the rate of only 1 to 4 stems or small tufts per square meter; often there were none. There were, as in the prairie, many areas of a few square inches to several square feet almost completely unoccupied by vegetation. Dense patches of the annual peppergrass (Lepidium densiflorum) occurred throughout much of the pasture. Spikes of Pursh's plantain (Plantago purshii) were so numerous loc;illy as to give a distinctly gray color. An abundance of the bright green-colored horseweed (Leptilon canadense) was confined to the ravine or to nearly hare ground. No other weeds were of unusual importanee. A two thirds stand of bluegrass intermixedl with scattered stalks of thrifty big bluestem grew in a narrow strip in and bordering the ravine. Seattered bunches of June grass and a few relict l)prairie forbs were found. In bare or half-bare soil, planJlts of sand dropseed grew sparingly.
The southern or upland half of the large north exclosure was characterized by the almost complete dlisappearance of all the prairie grasses except thinly seattered bunches of June grass and side-oats grama.
An exception was the occurrence of about a dozen small patches of blue grama (Bonteloua gracilis) which were well defined hut in general depleted to onlv one third or less of the normal basal area. Bluegrass occurred in patches ranging from a few square inches to a square yard in area. There was much nearly unoccupied ground in which sand dropseed was the only grass. Large patches of smooth goldenrod (Solidago glaberrima), smaller but more frequent ones of many-flowered aster (Aster miltiflorit), and scattered plants or aggregations of Pursh's plantain were the chief weeds. Yarrow (Achillea occidentalis) and horseweed were scattered throughout, and in the lowver part an infestation of peppergrass occurred.
The outstanding feature of the northern (lower) half of the exclosure was the almost continuous stand of peppergrass, the crowns overlapping almost everywhere. Before the drought this area was clothed with a nearly continuous sod of bluegrass. of which only a few scattered patehes remained (Fig. 2) . Other prairie grasses were rarely found, and peppergrass thrived. Sand dropseed usually occurred under this weed, though some bared areas produced only weeds. In the thinner stands, sand dropseed numbered only three or four plants per square meter, but in the thickest ones it covered one fourth to one third of the soil. Yarrow was common in small patches, and the annual horseweed was scattered thickly. (Lower) Dense stand of peppergrass (Lepidium densiflorum), a weed which was extremely abundant following THE SOIL The soil has a mature profile. The A horizon is lark in color, fairly rich in humus, and extends to 41 depth of 18 inches. Mechanical analysis showed that it contained about 25 percent very fine sand, 38 percent silt, and 26 percent clay,3 the remainder cormsisting of larger sand particles. At 12 inches lepth the soil becomes lighter in color, and the clay loam of the surface foot grades into clay. The B horizon extends about 18 inches deeper. It consists of a yellowish clay which is plastic when wet but very hard when dry. The prismatic structure is swell developed and during drought a great shrinkage occurs among the vertical prisms. The C horizon begins at about 32 to 36 inches depth, depending upon slope. While there is an entire absence of eoarse sand to this depth, the sand component consisting -almost wholly of very fine sand, in the C horizon the clay gradually becomes intermixed with an iiieaellsiig proportion of coarser sand. There is no lime laver at any depth; water percolates freely tilrough the massive layer of parent material. Hygroscop)ic coefficients and pH values are given in census method was employed. Ten permanent quadrats were marked out at random in widely distributed areas where sand dropseed dominated. Another lot of 10 was located at random in local areas revealing remnants of the bluestems, since over many square meters none were found. Ten other quadrats were located on the lower ground where small relict pItc11heS of bluegrass persisted. Tcni quadrats, each of which included patches of blue grama, were also established. Some of these patches were old stands; others had been formed from seedlings after the drought began. Three quadrats were selected as representative of bared areas occupied by peppergrass. Stem counts of all plants occurring in these 43 quadrats were madie annually in June and July. An ex-C3 Glay includes all p)arti(les with diameters less than 0.005 mm. ception was the dense patches of blue grama where the percentage of basal area, an inch from the soil surface, was ascertained.
In addition to detailed examination of the vegetation each month during the growing season, quadrats were used in ascertaining the density of the foliage cover, basal area, and percentage composition. Clip quadrats were extensively employed near the end of the dry cycle in 1940, and after two years of good precipitation (1943) Since precipitation and water content of soil are the principal factors controlling the development of vegetation in this central prairie area, chief attention was centered on the water relations. Data on temperature, humidity, and evaporation were obtained, but they are not presented. Precipitation during the early years of the study was measured by means of a standard rain gauge placed in the area, but data from the Weather Bureau station at Lincoln were used thereafter. Samples of soil for water content determinations were usually taken weekly to 4 feet and on alternate weeks to 6 feet in depth. Briggs' geotomes were employed. Samples were obtained in foot sections, except that the first and second 6-inch soil cores were taken separately. The hygroscopic coefficient of the soil at each depth was subtracted from the total water content, thus giving the approximate amount of water available for plant growth.
PRECIPITATION AND WATER CONTENT OF SOIL
The year 1937 was one of deficient precipitation, low humidity, and abnormally high temperatures. So severe had been the preceding drought that late in April only the surface two feet of soil had a good water content. Rainfall in April (1.2 in.) and May (1.9) was 1.3 and 2.2 inches, respectively, below normal. Rainfall in June (3.8 in.), July (3.1), August (1.7), and September (1.1), was in order, 0.5, 0.8, 1.9, and 1.9 inches below normal. Examination of Figure 3 shows that water for growth was not available to the vegetation except at irregular intervals in the surface foot of soil, and that after June less that 2 percent was available in the second foot.
The year 1938 was much more favorable to plant development. Rainfall in April was more than an inch above normal, and that of May 1.6 inches in excess of normal precipitation. The very favorable water relations of the soil in spring and early summer are shown in 1.5 inches below normal, and this resulted in midsummer drought.
The 2 years' growth of grasses without trampling and the winter's freezing and thawinlg, however, had increased the rate of water iiifiltration into the soil.4
The entire grazing season of 1939, except for June, was oiie of (leficient rainfall (Fig. 4) Numbers at the top of the columns are dates of sampling; those at the base are total current monthly rainfall.
The spring of 1940 was cool and late; April rainfall was slightly above normal, and there was sufficient water content to promote good growth.
Rainfall in May was only 1 inch (3.1 inches below normal), and only about half the normal precipitation fell in June (2.1 in.).
Despite these conditions, the grasses made good growth, because of favorable distribution of rainfall, until late in June.
Since no more rain fell until almost the end of July, there was a period of four weeks during which growth ceased. Available water content was nearly exhausted to 4 or 5 feet and the grasses dried (Fig. 4) . Some were bleached nearly white; the bluestems took on the reddish-brown colors of autumn.
But growth was renewed late in July, and continued throughout August under a normal rainfall.
The growing season of 1941 was characterized by a late spring, a wet April, rather light rainf all in May and June, and severe drought during July and August (Fig. 4) . Rainfall in May and June was 1.6 and 0.9 inches, respectively, below normal.
Of the normal rainfall for July (3.9 in.) and August (3.5 in.), only 0.6 and 0.8 in., respectively, fell during these months.
Conditions of growth were good until the last week in June, when a severe midsummer drought of long duration began. The vegetation became discolored and dry and growth ceased.
Vegetation regained its green color after rains late in August.
Only a few of the most drought resistant grasses, as sand dropseed, side-oats grama, and blue grama, produced a small crop of flower stalks in the most favorable places.
In 1942 rainfall was especially heavy during April, May, and June, and with few exceptions a good water content of soil was maintained at most soil depths throughout the season (Fig. 5) The chief changes in the quadrats during the seven years of succession were a great increase in sand dropseed until the end of the drought in 1941, and a gradual decrease in both number and size of stems as the more mesic grasses regained their vigor. The 10 other grasses and sedges occur in lists of total plant population in Table 3 .
Only 19 native forbs were found in 1937. Plantago purshii was most abundant. It decreased yearly and disappeared in 1943. Hedeoma hispida likewise decreased greatly during 1939 and later disappeared.
But Solidago glaberrima and Aster multiflorus increased in these quadrats. As a group, however, the native forbs decreased 67 percent by 1940. They became much more plentiful with the return of abundant soil moisture, as was common in prairie elsewhere.
Of the ruderals, Lepidium densiflorum and Leptilon canadense, both annuals, were extremely abundant in 1937. The first almost disappeared thereafter, but Leptilon was again extremely abundant in 1943. This phenomenon was widespread. The amount of Hordeum pusillum was greatest in years of good 
SUCCESSION IN QUADRATS DOMINATED BY LITTLE BLUESTEM
Changes in plant population in 10 quadrats in which Andropogon scoparius was the most abundant grass are shown for each year of sucbession in Table  4 . It formed 31 percent of the total grass population in 1937. Number of stems increased 96, 90, and 16 percent over the preceding year, respectively. But other grasses also increased so that this species formed 39 percent of the total grass cover in 1940 (Fig. 7) Three quadrats where the soil was barest under the almost continuous stand of Lepidium densiflo'rmix were also selected for studv. Death of the bluegrass especially, but also of many other plants, produced these nearly bare places. Here the annual peppergrass grew, but for one season only, at the rate of 600 to 700 plants per square meter. The scourge of this weed in both pasture and drought-stricken praire was general from the Missouri River westwa-rd to thereafter widely scattered and long-dormant crowns revived, old bunches became filled with stems and also increased their area, and seedlings began to appear ( Weaver and Albertson, 1944) . Thus, with a revival of the bluestems, and the spreading of the bluegrass, sand dropseed was suppressed.
Boutelouatc curtipendula increased even more rapidly than did sand dropseed.
Gains were 195 and 91 percent, respectively, in the first 2 years. But these were followed by decreases of 9 and 11 percent inl 1940 and 1941 respectively. This phenomenon of a great wav e of side-oats grama sweeping over the drought-opened prairie followinig the good year of 1938 was general, as was also its waning following the fall and winter drought of 1939-40 (Weaver, 1943) .
Nor did it ever again reach such great abundance, for with increased precipitation the more mesic and more shade-tolerant grasses began to rednee it to its former role of an interstitial species (Weaver and Albertson, 1944 Among the 14 species of ruderals encountered in quadratting, only three were of outstanding abundance (Table 6) In 1942 only 101 seedlings of grasses and 40 of native forbs occurred in the 20 meter quadrats. The number of seedlings was also low under the heavy cover of vegetation in 1943, although a good seed crop matured in 1942. In fact, the slowness of recovery was due in part to the small number of seedlings. After years of drought, an abundance of seedlings must be preceded by a good seed crop. Seeds of the several grasses were planted in six different places selected at random after spring mowing in 1942. They were worked into the soil by means of a garden rake. Excellent stands were produced. The plants grew slowly, and nearly all appeared dead after the August drought. Many were revived by the autumn rains, but growth was negligible. Only rarely did one survive under the dense foliage cover of the following year.
Although the living seedlings were included in the stem counts, except for Sporobolus cryptandrus they were nearly always few. Consequently the increase in perennial plants was due to tillering, production of shoots from rhizomes, or other means of vegetative propagation, and after 1942 by growth from longdormant rooterowns and rhizomes (Weaver, 1944) .
OTHER MEASURES OF SUCCESSION
The progressive development of the vegetation was ascertained by several other methods. These included the measurement of density and composition, size and character of bunches, relative vigor as expressed following clipping, yield, and repeated general observations. The foliage cover shows some irregularities, as would be expected in random sampling. There is a marked increase in average cover during the second years of succession-a gain of 93 percent (Table 8) . This increase in the amount of vegetation is also expr'essed in a somewhat comparable increase (102 percent) in basal area. Increase in foliage cover from the second to the fourth year was only 9 percent, andl the basal area decreased slightly. This decrease is attributed largely to partial replacement of the wvide-hased sand dropseed by the more erect hinestenis and side-oats grama, but in part to the more erect habit of sand dropseed under competition.
DENSITY
Basal area the fourth year varied from 16.5 to 22 percent and averaged 19.6. In the original pastire recently protected it varied froin 6.9 to 14.8 percent and averaged 10.5. Thus, the amount of soil covered in the fourth year of the succession was nearly ilotuhble that in the original pasture.
The niumher of stems of sand dropseed showed an increase of 85' percent under the second year of suecession As compared with the first. By the fourth yvV4r11' however, the number had decreased until it was someWhat less than that of the first vear. This behavior is in accord with the percentage composition. 
SIZE AND CHARACTER OF BuNcHES
One hundred bunches of sand dropseed were selected at random in each of the three areas undergoing .succession and in the adjacent grazed pasture. The diameter of the bunch one half inch above the soil surface was measured, and the number of stems per bunch was ascertained, as was also the length of stems. Bunches of little bluestem were similarly measured, 25 from each of the four habitats being used (Fig. 9) . This was done on July 15, 1940, before flower stalks had appeared. The averages of these measurements are shown in Table 9 .
Diameter of bunches of little bluestem gradually inerensed with the succession, but bunches of sand dropseed first increased and then became smaller. The smallest average diameter of sand dropseed Increase in foliage with increasing periods of suecession also resulted in greater production and greater accumulation of litter. Average square meter areas under 0, 1, 2, and 4 years of succession yielded respectivelv 31, 56, 88, and 93 grams of air-dried litter. This increase in soil mulch is very beneficial, especially in relation to conservation of precipitation.
INCREASE IN-VIGOR OF VEGETATION IN RELA&TION TO PERIOD OF SUCCESSION-
The increased viaor of vegetation as expressed by its rate of development after repeated removal of the foliage was studied. In an experiment where plants in quadrats had been removed by clipping on June 1, July 1, and again on August 15, their height on September 11 was ascertained (Table 10) . These data confirm other similar studies on recovery after clipping and reveal clearly the increasing vigor resulting from greater food reserves under an increasing period of succession without disturbance by grazing animals.
SUCCESSION AS MEASURED BY YIELD
It is generally assumed that when climax true prairie degenerates to any one of the several subsere stages there is a corresponding decrease in either or both quantity and quality of forage. This is known to be a fact as regards degeneration of true prairie to Kentucky bluegrass, to western wheat grass, or to the short grasses-blue grama and buffalo grass In the spring of 1940 a series of 30 meter quadrats were located at random 20 feet apart along a north-south line in the area undergoing its fourth year of succession. Thirty other quadrats were located in a similar manner in the adjoining climax prairie, and two other similar lots were laid out, one in the pasture undergoing a second year of succession and one in a parallel strip enclosed only in 1940. Clippings from these 4 groups of 30 quadrats were to supply data on the amount of prairie grasses, pasture grasses, and forbs, both native and ruderal, produced each month during summer. At each clipping the vegetation of each quadrat was separated by selective cutting into prairie grasses, pasture grasses, and forbs. Each partial yield was placed in a separate cloth sack, thoroughly air-dried, and its dry weight ascertained. Both prairie and pasture had been mowed about 1.5 inches high before growth was resumed and the grass collected with a hayrake and removed from the field.
Prairie grasses included all plants of grasslike habit that were found more or less regularly in nornal, undisturbed prairie. Pasture grasses included similar species not common to climax eastern Nebraska prairies, and bluegrass, which is a longestablished invader. Only very small amounts of grasses not listed were found. The total seasonal yield in each stage of succession (from four monthly clippings) is shown in Table 11 . The annual yields of prairie grasses in percentages, based on the prairie as 100 percent and beginning with the first-year protection, were, respectively, 8.3, 18.2, 66.7, and 100. Annual yields of pasture grasses, based upon the first-year protection as 100 percent, were 100, 125.4, 56.7, and 5.2 percent, respectively. Stating the yield of forbs in prairie as 100 percent, production in the pastures in the first to the fourth years of succession, was 61.7, 73.5, and 91.5 percent, respectively.
Prairie Grasses
Comparison of the total yields reveals the surprising fact that they were greatest during the second year of succession. They were next greatest during the fourth year, less during the first year, and least in the climax prairie-which, however, had suffered considerably from drought. Yields per acre in the above sequence were 1.51, 1.31, 1.15, and 1.12 tons. From these data on plant production near the end of a very dry period it may be clearly seen that the earlier stages in succession, where annual weeds and xeric grasses were plentiful, gave highest total yield.
During the end of the last year of experimental study (1943) and the second year of good rainfall, the total yield was again obtained. Ten 2-meter quadrats were selected at random at widely distributed places, previously unclipped, in the areas protected for the fourth and seventh year, respec- 
PLANT COVER IN 1938
The second year of succession was one of good recovery of vegetation despite the midsummer drought. In the south exclosure there was a marked increase in grasses and a corresponding decrease in forbs. Big bluestem and little bluestem shared equally in importance with sand dropseed. There were many bunches, mostly small and young, of June grass and side-oats grama which had also increased in abundance. The bluestems and sand dropseed were not greatly intermixed but more or less dominated different local areas (Fig. 10) . Aster and goldenrod were the most important weeds but, like till other perennial and annual forbs and weedy grasses, they were slowly giving way to the dominant grass lifeform.
I-~~~~~-
Fli;. t0. Recovery of little bluesteml in pasture after 2 years of p rotection. July 2;, 1938.
In the north exelo~sure sand dropseed was the (lominant grass everywhere, with side-oats grama second^ in abundance but of mnuch lower r ank and wzith the plants w idely scattered. III many places sand drop~seed covered the soil almost completely, the foliage covfer being as high as 90 percent late in July wshen the general grass lev el was about ].2 inches and the flower stalks were 2.5 to 3 feet tall (Fig. 11) . At a distance of a few rods, except for the tall daisy fleabane and gumweedl, the pasture appeared to be completely dominated by sand dropseed and a sparse to moderate mixture of side-oats gramla. A considerable part of the increase of sand dropseed resulted from the abundant seedlings of the previous summer.
All other grasses wsere far less abundant, their order of importance being big blulestem, blue grama and hairy grama, little bluestem, June grass, and bluegrass. The considerable amount of big bluesteml and sotmewhat less abundant little bluestem weere imp~ress.i~i'e since in the p~receding, year they were scarcely to be found. Both species had reg~ainedl former lo~sses by vegetative propagation, andl both pro- Although prairie grasses were not abundant, considleriing the area as a whole, yet they did dominate in nanny scattered square meters, a fact of much importance since it distinctly indicatedl the beginning .t their return.
The two chief weedy forbs in sequence of importIaiwe were aster and goldlenrod. Aster varied greatly in height and( density of stand, dlepending largely 111)0o1 compl)etition. In pure stands, often 4 or more feet in length and breadth, it reached a height of 2.5 feet, and the stems from the rhizomes were so den.sely aggregated that no other plants had returned to the drought-bared areas into which the aster had rapidly spread. The goldenrod attained a height of 2 to '.5 feet in dense patches where there was practically no grass, but where sand dropseed also occup111i (d the stemns were fewer andl only 16 inches tall. The larger patches of this rhizomatous species were 12 feet wide and 18 feet long. The plants wzere often so densely aggregated that even grasses were all but excluded. However, fruiting stalks of sand dropseed and side-oats grama, or less frequently of big bluestem, appeared sparingly from plants enfeebled by the dense shade.
Little barley ranked third in abundance among the weeds, and was followed by Pursh's plantain and rough pennyroyal. These were most abundant in patches of dead bluegrass. They frequently occupied 2 to 8 square feet in pure or mixed stands. In general, the gray spikes of the plantain, the slecies which dominated small areas the preceding year, were almost completely obscured by the thickening cover of grasses. Indeed, over the lower half of the pasture little barley and rough pennyroyal formed a distinct understory, at a height of 10 to 13 inches, beneath the perennial pasture and prairie grasses. During June, little barley appeared to suppruess sand dropseed, but later the cover of this perennial wvas very thick and the weedy grass was subdued. In the smaller areas where little barley had complete control, the dried stems, 20 inches long, became prostrate and formed dense mats, as occurred over many acres in old worn-out pastures. Except for little barley and plantain, annual weeds were of little significance despite the abundance of horseweed and the scourge of peppergrass in 1937. The perennials -varrowv, vervain, and western ragweed-were present only in moderate numbers;. The control of the forbs (except aster and goldenrod) by the general thickening of the grasses was a marked feature in 1938.
PLANT COVER IN 1940
By the fourth year of succession sand (iropseed still dominated in many places and in mixture with side-oats grama in others. In much of the area it was well intermixed with the bluesteins, an(l frequently the bluestems were dominant and sand dropseed was almost absent. June grass and Pennsylvania sedge were far more common than before, and an occasional bunch of prairie dropseed was encountered. In midsummer, little bluestem stood out conspicuously at a height of 10 inches in reddish bunches andl patches. The tops of big bluestem were scorched and the leaves of side-oats grama were rolled. On the lower ground, the dried flower stalks of bluegrass were scattered thinly. Goldenrods were fewer and much (iwarfed; they had been thinned greatly as the grasses increased; often only the outlines of former dense patches remained (Fig. 12) . The patches of aster wvere likewise mostly very open, hut the plants were taller than in earlier stages of succession (Fig. 13) .
Yarrow was abundant. Weeds were of minor imiportance, and the impress was distinetly one of grasses. Vervain, formerly common, had ncarljv disappeared. The bunches of grass were much thicker, of greater height, andl plroduced many more stems than earlier in the succession.
Patches of blue grama with foliage 6 inehes high were common. Occasional bunelhcs of hair!-grama, tall dlrol)see ( where large bunches or patches of the bluestems or -of blue grama were present, there *was a distinct opening, ill the general canopy of flower stalks affordedl by x;and dIropseed and side-oats grama. The -nnual wee s Xl tage, especially that of little barley, xo con~spicuosus in the areas with a shorter period of ,develop~menlt, had nearly disappeared ( Fig. 14) But throughout this intermixture of grasses, the complete recovery and rapid spreading of the bluestem1s were proceeding everywhere (Fig. 17) . Many nltior grasses and prairie forbs were also flourishing. Yarrow was generally distributed, and there occurred small amounts of daisy fleabane, false prairie bonesct, gr(;undl plum, and ironweed. One had only to observe in the adjacent earlier stages of recovery the dense and vigorous patches of aster to be subdued, the bare spots clothed only with weedy bromes, the abundance of little barley and other annual pasture weeds, and the formidable ranks of the 3-foot flower stalks of sand dropseed, to he reminded of the great changes' that had taken place. There the much smaller amount of bluegrass was also striking. Enough dried flower stalks of sand dropseed still remained to clearly demark the boundary line between the areas with the fifth and eighth year of succession.
Conversely, observations in prairie of the abunrl.hiace of needle grass, the dense stands of prairie (iropseed, and the ever-present sprinkling of the lead lplant, blazing stars, psoralea, and sunflower, made one realize that stabilization was not yet complete. Nature is conservative; development proceeds slowly esplecially during times of moisture defieiency, and even subseres for their completion may require a long period of time. Yet the contrast between the new 1'~~~~ ''6 4~~~~~~. 8-year-old prairie and the depleted ancestral pasture was so great that one could scarcely comprehend their close relationship. Here was the building anew from the old remnants of vegetation, the discarding of weedy invaders, the slow but steady replacement of the former interrelations of native species with species, the delicate readjustment of community relationships which had been all but destroyed. These indeed arc phenomena worthy of scientific study, and they are also of far-reaching economic importance.
SUMMARY
The nature and rate of succession in a 23-year-old native pasture under complete protection from grazing were studied quantitatively near Lincoln, Nebraska, during seven growing seasons, 1937 to 1.943.
The pasture was of the little bluestem (Andropogon seoparius)-Kentucky bluegrass (Poa pratensis) type preceding the great drought of 1934-36, but was lominated by sand dropseed (Sporobolus cryptan-(1rfl.Y) and side-oats grama (Bontelona euirtipendiula) following the high mortality of the less xeric grasses.
Five groups of permanent, meter quadrats were Soil sampling to depths of 6 feet revealed that the vegetation depended chiefly upon current rainfall for its water for growth.
The most marked change in quadrats dominated by sand dropseed was a steady increase (94 percent) in number of stems of the dominant until near the end of the drought. This was followed by a gradual decrease as the more mesic grasses regained their vigor.
In quadrats where little bluestem was most abundant, it gained 332 percent by 1940 and even more (luring the following good years. Sand dropseed gained steadily even after the severe drought of 1939-40 when nearly all other grasses decreased, but thereafter it lost heavily. Kentucky bluegrass composed 92 percent of the grass in relict areas quadratted in 1937. It suffered a loss of 99 percent during the following dry fall and winter, and had increased only slightly by 1940, but very rapidly in 1942-44.
Of the total population of the 43 quadrats bluegrass comprised 56 percent of the perennial grasses in 1937, but only 3 percent in 1938. Sand dropseed, which constituted 26 per cent of the grasses, became more widely distributed than any other species.
Only 5 native forbs were of major importance. Among these Aster multiflorus and Solidago glaber-*ima both increased greatly, then waned, and later were suppressed.
Foliage cover of vegetation undergoing the first, second, and fourth year of protection was 29, 56, and 61 percent, respectively, in 1940, but increased to 80 percent or more by 1943. Basal area was 10, 21, and 20 percent in the same sequence, and no increase occurred after a basal area of about 21 percent was attained in each area.
Diameter of bunches and number and length of stems increased as succession progressed.
Yields under a shorter period of succession were After 8 years, and especially three consecutive good yealrs, climax conditions had almost been attained. O)nlv in a few places was sand dropseed still abundant. The bluestems and side-oats grama dominated except il l)aLts of lowlands where bluegrass formed a dense sod. There was no bare soil. All the weedy annuals had disappeared; aster and goldenrod were also absent or greatly subdued.
An understory of various minor prairie grasses, bluegrass, and forbs was rapidly developing.
Under the dense stand of 1)rairie grasses there was a good mulch of fallen debris. But the absence of certain species of prairie grasses and forbs, common in adjacent climax prairie, and the lack of various community relationships, indicated that succession was still incomplete.
